tinin. Introduction of the L but not the H hemagglutinin gene into the human influenza virus A/PR/8/34 rendered it infective for swine. Both L and H variants were isolated from pigs naturally infected with contemporary swine influenza viruses when selective conditions for the suppression of the more prevalent L mutant were employed. The L and H mutants of swine influenza virus are yet another example of viral dimorphism in nature and probably are not mere artifacts of laboratory selection. In any event, the frequent apparent allelic appearance of the two forms suggests frequent mutation and/or reversion involving a point mutation in the hemagglutinin gene. The present studies demonstrate the importance of a single gene in the pathogenesis of an influenza viral infection in its natural host.
Recently isolated swine influenza viruses have been shown to possess two antigenically distinguishable subpopulations (4, 5) that differ pleiotropically in their replicative characteristics in chicken embryos (eggs) and Madin Darby canine kidney cells. One mutant type, "L," is low yielding in these hosts and reactive with a heterotypic antiserum, and the other "H" variant is high yielding and nonreactive with this antiserum (5) . Recombinational reassortment has demonstrated that differences in the two mutants are mediated through mutation in the hemagglutinin gene; i.e., segregation of the L or H hemagglutinin gene in recombinants in which all other genes are derived from the human virus A/PR/8/34 results in preservation of the L and H characteristics manifest in the wild-type mutants (5) (see Table 1 ).
The significance of the relatively stable association in nature of two mutant forms (viral genetic dimorphism) (2, 5) is unclear. Therefore, we investigated the replication of these well characterized L and H mutants and their recombinants in experimental infections of swine, their natural host. In addition, we have made preliminary investigations of the occurrence of L and H mutants in material from swine suffering natural infection.
MATERIALS AND METHODS
Viruses. The viruses used in this study were described in detail in a previous report (5) and are further characterized with respect to their properties in Table   1 . They represent two mutants *of A/NJ/11/76 (HswlNl) virus ("L" and "H" variants) and recombinants X-53-PR8 and X-53a-PR8 derived from their recombination with A/PR/8/34 virus. The genealogy and ribonucleic acid genotype of the viruses are shown in Fig. 1 .
Antiserum. Antisera to A/sw/Cam/39 influenza virus was prepared in ferrets or rabbits as described previously (5) . A 40-day bleeding of rabbit serum (R-2008) was obtained after a single intravenous injection of 3,000 hemagglutinating (HA) units of virus and was the serum principally used in the characterization of L and H phenotypes.
Experimental infection of swine. The pigs were young (4 to 10 weeks), purebred Yorkshire pigs ranging in weight from 10 to 40 kg. They were obtained from two different herds known to be free of swine influenza. They were infected by intranasal instillation of 1 ml of virus preparation in each nostril (see Table 2 for the various doses). The virus was suspended in brain heart infusion broth (Difco 0037-01). Blood was collected before infection and tested for influenza virus antibody. Nasal swabs were collected daily for 8 A/PR/8/ 34 ( HON1)
anti-Nlsw( S-6) f X-53a-PR8 (HswlNlpRO) P P P S P P P P P P P S*P P P P L P P P S P P P P 10i5. Only 3 of 10 animals were infected with the H mutant, two with the larger dose of virus. From only one pig was virus reisolated and in that animal the maximum virus concentration measured was 1027 EID5o on day 7 postinfection.
Experimental infection with recombinant viruses in which the swine hemagglutinin gene has been segregated. The different infectiousness for swine of the cloned wildtype mutants could be ascribable to the demonstrated differences in their HA phenotype. On the other hand, mutation in any of the eight viral genes might be expected to influence replication. Therefore, infection was carried out with two recombinant viruses, X-53-PR8 and X53a-PR8, in which only the mutant L or H HA genes, respectively, had been derived from swine influenza virus. All other genes were equivalent, having been derived from A/PR/8/34 virus (5) .
Only the recombinant with the L hemagglutinin (X-53-PR8) infected pigs ( Table 2 ). All of five animals were infected with the dose employed, and the excretion "score" exceeded that recorded for the wild-type H mutant, but excretion was more sporadic than with the L mutant at equivalent dosage. Virus was not recovered from any animal inoculated with the H-containing recombinant X-53a-PR8 or the parental A/ PR/8/34 virus.
We conclude from this experiment (i) that the more efficient replication of the L mutant in swine is determined in large part by the nature of its hemagglutinin and (ii) that optimal replication of virus is dependent as well on other swine influenza virus genes. It is also apparent that the substitution of the L HA gene in PR8 virus is all that is required to convert this virus to one infective for swine.
Characterization of influenza viruses recovered from swine after natural infection. In an effort to determine the relative importance of L and H variants in natural infection of swine, 32 nasal swabbings from which virus had been isolated previously were examined for the presence of either or Table 3 ). No systematic geographic sampling was conducted in this preliminary study, but only in specimens from Ohio pigs was H virus demonstrated. DISCUSSION The genetic heterogeneity of animal viruses needs no further confirmation so that the identification of mutants within contemporary swine influenza viruses has not been surprising. Furthermore, the relatively stable association on laboratory passage of apparent allelic forms has been described previously for influenza viruses (3, 5, 8) and has been noted as well with other ribonucleic acid viruses (2, 10). The significance of such allelic mutants and their relation to the pathogenesis of infection has not been established.
The demonstration that minor antigenic (L and H) hemagglutinin variants of recent swine influenza viruses differ significantly in replication and plaque-forming characteristics in laboratory hosts prompted our present study of their effects in swine-the natural and definitive host for the virus. We have shown that less of the L variant (which grows to lower titers in eggs and Madin Darby canine kidney cells) is required to infect pigs than is the case with the H variant, defined as "high yielding" in those laboratory hosts. Furthermore, viral excretion was sporadic in pigs infected with the H mutant.
That As one approach to answering the question, we have characterized swine influenza virus isolates from naturally infected pigs as they emerge on initial passage in eggs with respect to their L or H phenotype. Although L strains predominated, H strains were detected on initial passage both in the absence and the presence of detectable L mutants. Definitive proof of the occurrence in swine of H virus alone will depend on development of a selective system against H mutants.
In any event, clones of both mutants are ca- 
